HEADLIGHT UNIT FOR SINGLE-TRACK TWO- WHEELED VEHICLES 



Cross-Reference to Related Application 

This application is a continuation of international application number PCT/EP02/00384 
5 filed on January 1 6, 2002. 

Field of the Invention 

The invention relates to a headlight unit for single-track two-wheeled vehicles, especially 
motorcycles, motor scooters or the like, which experience an inclination around their 
10 longitudinal axis while negotiating curves, the unit being provided with a sensor- 
controlled correction device for the light pattern generated by the dipped low beam. 

Background of the Invention 

While a motorcycle is negotiating a curve, the inclination of the vehicle causes the light 
1 5 pattern of the dipped beam to deviate considerably from the form required by traffic 

regulations for the upright vehicle. As a result, the driver's visibility distance in the curve 
is greatly reduced, and the oncoming traffic is blinded. 

In order to counteract such impairment of traffic safety, it is provided according to a 
20 known proposal (German Patent 19817594 Al) that the light cone of the dipped beam of 
a motorcycle negotiating a curve be stabihzed by pivoting the headlight around its optical 
axis, in such a way that the Ught pattern is maintained substantially constant relative to 
the roadway centerline for each inclination on the curve. 

25 For this purpose there is provided a control unit that cooperates with two sensors that do 
not operate on the ground-sensing principle. One measures the yaw of the vehicle around 
the vertical axis while the other measures the inclination of the vehicle around the 
longitudinal axis. Because of the pivoting of the headlight, the known headUght- 
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stabilization system does not operate without wear; moreover, it necessitates a complex 
movement mechanism. 

Finally, from German Patent 19639526 Al, there is known, for adaptation of the light 
5 distribution of a headlight system during negotiation of a curve, a method in which the 
light distribution for straight-ahead driving is supplemented by a light distribution with 
broader horizontal dispersion during negotiation of a curve, by the fact that a plurality of 
headlights is combined as appropriate. 

10 In another known headlight unit on a motorcycle (Japanese Patent A 01 127466), a main 
headlight is provided on each side with an auxiliary headlight, which is turned on in 
response to the inclination of the motorcycle during negotiation of a curve. Even though 
the light beam of the respective auxiliary headlight is directed outward and upward, it 
fails to illuminate the respective inside of the curve adequately. 

15 

Summarv of the Invention 

In contrast, the object of the present invention is to reduce the system costs significantly 
compared with the known art by providing a simply constructed headlight unit without 
wearing parts, thus ensuring trouble-free operation with high operating safety. As regards 
20 illumination of the driving lane while negotiating a curve, the headlight unit is designed 
to achieve improved illumination, corresponding substantially to that of straight-ahead 
driving; the purpose is to prevent, even if the vehicle is extremely inclined on the curve, 
an upwardly directed light cone that blinds the oncoming traffic. 

25 In an advantageous embodiment, the inventive headlight unit, which is designed as a kind 
of multi-faceted headlight, comprises three or more headlights mounted in fixed 
condition inside a common lamp housing. Each of these headlights may be identical 
individual headlights commonly available on the market. At least one headlight is 
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disposed in the middle and the others are disposed at the sides thereof, with at least one 
on the right side and one on the left side respectively. 

To achieve better illumination, especially while negotiating a curve, it is expedient to 
5 mount the laterally disposed headlights lower than the middle headlight relative to the 
upright orientation of the vehicle, in such a way that a bow-shaped headlight bar bent 
downward on both sides is formed. Alternatively, however, other headlight arrangements 
are also conceivable within the inventive headlight unit, such as an arrangement of all 
headlights at the same height, an inversely bowed arrangement thereof or even an 
10 asymmetric arrangement of headlights. For example, it may be expedient, depending on 
whether the vehicle will be operated in traffic driving on the right or left, to increase the 
number of headlights on the right or left side compared with the respective other side, in 
order to achieve better illumination across the driving lane. 

1 5 By means of the inventive headlight unit there is achieved significantly improved 
illumination during negotiation of a curve, not only in the stretch of driving lane 
immediately ahead of the vehicle but also on the inside of the respective curve. A 
particular additional advantage is prevention of the blinding effect, not only because only 
one of the lateral headlights or only the headlights on one side relative to the central 

20 headlight are turned on during negotiation of a curve, while the headlights on the 

opposite side as well as the middle headlight are turned off, but also - and in particular - 
because the lateral headlight or lateral headUghts are mounted in such a way that they are 
tumed around their optical axis, thus causing them to be out of horizontal orientation and, 
in fact, to be directed toward the inside of the respective curve. Thereby the headlight 

25 cone on both sides of the vehicle is directed toward the surface of the driving lane while 
the said vehicle is inclined during negotiation of a curve, thus substantially maintaining 
the intended light-beam pattern. This is of particular importance during driving with 
dipped low beam, because thereby the elongated lateral light branch on the right side 
remains substantially unchanged, while the blinding effect on the left side - which is 
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otherwise unavoidable with the use of a standard headlight, which shines upward because 
of the greatly inclined orientation of the vehicle - is prevented. 

A suitable angle by which the lateral headlight can be turned to compensate for 
5 inclination ranges between 25 and 35°, preferably 30°. In the scope of the inventive 
configuration, it is provided that a lateral headlight will be turned on only after a roll 
angle of 10 to 20°, preferably 15°, has been exceeded. This means that changeover from 
the central headlight to a lateral headlight, especially to the right lateral headUght during 
negotiation of a left-hand curve and to the left lateral headlight during negotiation of a 

10 right-hand curve, takes place only when the vehicle inclination corresponding to this roll 
angle is reached. In this connection it is self-evident that the changeover from the central 
headlight to a lateral headlight takes place on entering the curve and the inverse 
changeover takes place on exiting the curve, or in other words when, at the end of 
negotiation of a curve, the driver retums his vehicle to upright orientation to the extent 

1 5 that the roll angle becomes smaller than the minimum value during the upward 
movement. 

In order to improve illumination of the driving lane ahead of the driver during negotiation 
of a curve, it is provided in a further inventive proposal that the headlights laterally 

20 adjoining the middle headlight are each mounted in such a way that they are skewed 

toward the middle headlight, around their axis parallel to the vertical axis of the vehicle, 
so that their optical axes form, together with a middle plane of the vehicle defined by the 
longitudinal and vertical axes, a skew angle ranging preferably from 4 to 8°. Expediently, 
this skew angle can have a different value for the right and left headlights, such that the 

25 right headlight in the case of traffic driving on the right and the left headlight in the case 
of traffic driving on the left is skewed slightly more toward the inside than the respective 
other headlight; suitable skew angles are, for example, 5 and 7° respectively. 
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By means of the inventive headlight unit, it is possible, during negotiation of a curve with 
two-wheeled vehicles, to achieve the same illumination as in straight-ahead driving. 
Thus, instead of the usually distorted, greatly diminished, poorly illuminated light 
pattern, a light-beam pattern corresponding substantially to the requirements for straight- 
5 ahead driving is achieved even during negotiation of a curve, by virtue of the changeover 
between the headlights. 

In this connection, simultaneous changeover of the headlight lamps is sufficient for 
continuous illumination of the driving lane without darkness interruptions during the 

10 changeover, because the delayed buildup of Ught output of the headUght being tumed on 
is bridged by the inertia of the incandescent lamp of the headlight being tumed off. 
Alternatively, however, operation of the two headlights can be synchronized in such a 
way that, when the stabilization device is activated, the headlights are actuated in such a 
way by the control unit that the lateral headlights are gradually tumed on or off before the 

15 central headlight is gradually tumed off or on respectively. By such synchronized 

operation during the changeover firom one headhght to the other, the headlights can be 
actuated in a manner that is particularly gentle for the lamps. 

In the lamp housing containing the three or more headlights, there are also installed a 
20 sensor unit and the control unit. Within the interior of the lamp housing, the individual 
headUghts are each fixed in individually adjustable manner on a mounting plate. The 
individual headlight lamps are equipped with multiple reflectors for high and low beam, 
as is customary in the industry. The headlight housing is provided with a common firont 
lens containing dispersion sections adapted to the individual headlights. 

25 

The stabilization device comprises, in a manner known in itself, a sensor unit having two 
sensors, one being a longitudinal-axis sensor that measures the vehicle inclination around 
the longitudinal axis of the vehicle, and the other being a vertical-axis sensor that 
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measures the vehicle motion around the vertical axis during negotiation of a curve. Each 
sensor sends signals proportional to the angular velocity to the control unit. 

In this connection, the vertical-axis sensor is used to improve the accuracy of 
5 measurement of the degree of lean of the vehicle; it contributes to improvement of the 
operating safety to the extent that its measured values are analyzed in a computer of the 
control unit as part of a plausibility test, in which the degree of lean determined by the 
longitudinal-axis sensor is compared with the variation of vehicle movement during 
negotiation of a curve. As explained, the said computer analyzes the signals of both 

10 sensors and determines therefrom the transition between driving in substantially upright 
orientation and negotiation of a curve, by comparing the respective inclination of the 
vehicle with the minimum roll angle. In the process, the sensor signals are corrected by 
filtering, linearization and temperature compensation. The switching instants calculated 
at the beginning and end of negotiation of a curve are appropriately converted to 

1 5 switching processes of a power circuit for actuation of the headlights. 

Advantageously, the control unit contains a safety circuit, which turns on the lateral 
headlights with appropriate power distribution if the central headlight fails, and which 
tums on the central headlight with full power if the lateral headlights fail. 

20 

By the fact that the inventive headlight unit is composed of individual commercially 
available headlights, low system costs are achieved. With the exception of the 
incandescent lamps themselves, the inventive headlight unit is able to operate without 
wearing parts, thus also contributing to a concomitant increase in its functional safety and 
25 useful life. By the fact that the blinding effect is largely prevented, it is also possible to 
use headlights with greater Ught outputs. The inventive headlight unit can be provided as 
a retrofit kit, to be mounted in place of a conventional headlight, on the cable connection 
thereof 
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The sensors used do not rely on ground or speed sensing, but instead operate on the 
principle of piezoelectric vibration-dependent gyroscopes, which are available on the 
market. 



5 Brief Description of the Drawings 

A practical example of the invention will be explained hereinafter with reference to the 
drawing, wherein: 

Fig. 1 shows a light-beam pattern of standard type required by traffic regulations for a 
motorcycle being driven straight ahead; 
10 Fig. 2 shows the light-beam pattern according to Fig. 1 in a left-hand curve; 
Fig. 3 shows the light-beam pattern according to Fig. 1 in a right-hand curve; 
Fig. 4 shows the inventive headlight unit in front view of a motorcycle negotiating a 
right-hand curve; 

Fig. 5 shows the light-beam pattern of the inventive headlight unit in a right-hand curve; 
15 Fig. 6 shows the light-beam pattern of the inventive headlight unit in a left-hand curve; 
Fig. 7 shows the inventive headlight unit in schematic front view; 
Fig. 8 shows a section according to Vni-Vin of Fig. 7, and 
Fig. 9 shows a section according to DC-DC of Fig. 7. 

20 Detailed Description of the Invention 

Fig. 1 shows a light-beam pattern in the form required by traffic regulations, for the case 
of a dipped beam, adapted for traffic driving on the right, of a motorcycle 1 provided with 
a commercially available headhght, wherein the illuminated area 4 during straight-ahead 
driving is defined by a left and a right boundary beam 3 and 2 respectively, extending in 

25 driving direction. 

Fig. 2 shows motorcycle 1 in a left-hand curve. Because of its inclination by angle a on 
the curve, the resulting illuminated area 5 is smaller than that in Fig. 1. A fraction of area 
4 on the inside of the curve is no longer illuminated. Right boundary beam 2 no longer 
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reaches the ground and thus becomes blinding beam 10. For the driver of motorcycle 1 
equipped with a standard headlight, therefore, the asymmetric branch of the dipped beam 
no longer contributes to improvement of the view of the road along the right boundary of 
the driving lane. 

5 

Fig. 3 shows motorcycle 1 during negotiation of a curve bending to the right. Because of 
the degree of lean of motorcycle 1 by inclination angle a, there is obtained an illuminated 
area 6 spread across the driving lane. Right boundary beam 2 no longer illuminates the 
right side of the road, and left boundary beam 3 no longer reaches the ground and thus 
10 becomes blinding beam 12. As in Fig. 2, the light pattern deviates considerably from the 
traffic regulations developed on the basis of safety considerations. 

Fig. 4 shows an enlarged diagram of motorcycle 1 in front view with the inventive 
"multi-faceted" headlight unit 13 during negotiation of a right-hand curve. The headlight 

15 unit comprises three individual headlights mounted close to each other in a common 
headlight housing 20, namely a central headlight 23, a right headlight 22 and a left 
headlight 24. In the illustrated right-hand curve, only left headlight 24 is turned on. 
Compared with central headlight 23, it is moimted in such a way that it is turned by an 
angle P toward the outside of the curve, in order to compensate for inclination. The 

20 motorcycle itself is inclined by the angle a, which is larger than a minimum roll angle a, 
which corresponds approximately to an inclination of 15° around longitudinal axis X-X 
relative to a plane defined thereby together with vertical axis Z-Z. When roll angle a is 
reached, a control unit turns on left headlight 24. Boundary beams 2 and 3 shown for 
central headlight 23 in Figs. 1 to 3 are not a factor in this situation. Instead, left headlight 

25 24 generates boundary beams 2f, 3f, which are directed toward the ground and, because 
left headlight 24, in order to compensate for inclination, is turned by angle P, which is 
equal to about 30°, create a light pattern that corresponds approximately to the required 
pattem even during negotiation of a curve, as shown in the following Figs. 5 and 6. 
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In a right-hand curve being negotiated by motorcycle 1, as illustrated in Fig. 4, there is 
obtained according to Fig. 5 an illuminated area 8 with boundary beams 2f and 3f. This 
light-beam pattern, which corresponds to illuminated area 8, is skewed slightly by an 
angle 5 toward the inside of the curve. The skew angle 5 of left headlight 24 is indicated 
5 in Fig. 8 and has a value of about 5°. Thereby the asymmetric branch of the Hght-beam 
pattem is made to travel along the inside boundary of the driving lane, in conformity with 
the regulations. 

To avoid the situation in which the light pattem of headlight unit (13) perceived by 
oncoming traffic varies whenever individual headlights are tumed on and off during 
negotiation of a curve, two inactive light sources, or in other words (22) and (24) during 
straight-ahead driving, (22) and (23) on the right-hand curve or (23) and (24) on the left- 
hand curve, can be operated with lower illuminating power than the remaining third hght 
source in each case. In other words, all three light sources are tumed on at all times. In 
the right-hand curve, the two right headlights (22) and (23) are operated with non- 
blinding illuminating power, while left headlight (24) is operated with fiiU illuminating 
power. In the left-hand curve, the two left headlights (23) and (24) are operated with non- 
blinding illuminating power, while right headlight (22) is operated with fiill illuminating 
power. During straight-ahead driving, the two outside headlights (22) and (24) are 
operated with relatively low illuminating power, while center headlight (23) is operated 
with fiiU illuminating power. With this control circuit, the overall contour of activated 
headlight unit (13) is constantly perceived as a complete Ught pattem by oncoming 
traffic. 

25 As a result, depending on degree of lean, only the headlight projecting its beam pattem 
onto the driving lane in the manner most favorable for the respective degree of lean is 
operated with fiiU illuminating power. Thus the overall light contour of activated 
headlight unit (13) is always constantly perceived as a uniform signal pattem by 
oncoming traffic. 
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Fig. 6 shows the diagram corresponding to Fig. 5 for a left-hand curve. In this case right 
headhght 22 is used. It is also skewed by an angle 6 toward the central headlight, as is 
evident once again from Fig. 8. Right headlight 22 is skewed by a slightly larger amount 
5 than left headlight 24, namely by about 5 = 7°. Thereby illuminated area 7 is deflected 
more toward the inside of the left-hand curve. In both this case and that of negotiation of 
a right-hand curve according to Fig. 5, the production of a blinding beam is effectively 
prevented. 

10 For the purpose of illustration, the light-beam pattems corresponding to the prior art in 
Figs. 1 to 3 and to the condition achieved with the inventive headlight unit in Figs. 5 and 
6 are accompanied by additional diagrams of the motorcycle driver in side view and in 
front view respectively, the beam profile being illustrated in the direction of a vertical 
plane. The additional diagrams and reference symbols are imderstandable in themselves, 

15 and so each of the said figures can be considered as a complete diagram. 

Figs. 7 to 9 schematically show the construction of the inventive headlight unit, which in 
the present case has the form of a triple-faceted headlight unit, in which the two lateral 
headlights 22, 24 are mounted lower than central headUght 23. Three commercially 
20 available headlights 22, 23, 24 with high and low beams are installed close beside each 
other in a housing 20. The three individual headUghts can be fixed individually and 
adjustably on a mounting plate 25. They are disposed rearward of a front lens 21, which 
seals headlight housing 20 and protects the internals of housing 20 from environmental 
influences. 

25 

During straight-ahead driving, only central headlight 23 is turned on. This is also the case 
for gentle curves, which are negotiated with relatively low degrees of lean up to a roll 
angle a of 10 to 20°, preferably 15°. Right headUght 22 and left headUght 24 are 
expediently tumed off during straight-ahead driving with dipped beam. 
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On a left-hand curve, right headlight 22 is turned on as soon as minimum roll angle a is 
exceeded, and the other two headlights are then tumed off. Right headlight 22 is mounted 
in such a way that, when viewed from the front, it is tumed around its optical longitudinal 
5 axis by an angle of p = 30° in counterclockwise sense to compensate for inclination; in 
addition, it is mounted in such a way that it is skewed toward central headlight 23 by a 
skew angle of 5 = 7®, around an axis parallel to the Z axis, so that the driver's visibility 
range in the direction of the inside of the curve is improved. 

10 Left headlight 24 is tumed on for illumination during negotiation of right-hand curves 
upon passage through a minimum roll angle of a = 15°. During negotiation of such 
curves, the other two headUghts are tumed off. The left headUght is moxmted in such a 
way that it is also tumed by an angle of p = 30° in clockwise direction to compensate for 
incUnation. It is also positioned in such a way that it is skewed around the Z axis toward 

1 5 central headlight 23 by the skew angle of 5 = 5°. Thereby the driver's visibiUty range in 
the direction of the inside of the curve is considerably improved. 

Besides the three headlights, electronic unit 26 for switching the power circuit is also 
installed inside headlight housing 20, as is a computer 27 together with longitudinal-axis 
20 sensor and vertical-axis sensor, which are not illustrated in detail. 

The power circuit contains solid-state switches for the headlight lamps and an integrated 
failure-detection circuit for the individual lamps. 

25 The longitudinal-axis sensor is oriented in the direction of the X axis, and it measures the 
angular velocity of the roll motion of the vehicle as it begins and ends negotiation of the 
curve. 
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The vertical-axis sensor is oriented in the direction of the Z axis, and it measures the 
angular velocity of the vehicle around the center of the curve being negotiated. Computer 
27 calculates the inclination of the vehicle around the X axis from the sensor signals, and 
controls actuation of the power circuit during passage through the minimum roll angle a. 

As a result, the angular error in recreating the hght-beam pattern during negotiation of a 
curve is now at most plus or minus 15^, whereas, by comparison, the angular error in 
motorcycles with standard headlights is as large as 45^, thus illustrating the great 
contribution of the inventive proposal toward improvement of traffic safety. 
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